In the design of risers, current profiles modelling is of great importance. In this paper, various aspects to derive a reliable statistical modelling of currents profiles are considered. First, the reduction of current profiles is treated by mean of the EOF (Empirical and Orthogonal Function) method. In contrast to other studies that have utilized this technique, the information of direction is considered. Secondly, we propose a technique based on B-splines smoothing to identify time series of the different time scales. This can be of utility for a better understanding of some specific events or to improve numerical models. Finally, the efficiency and accuracy of the proposed approach is studied by comparing measured current profiles with those reconstructed from EOF method, by mean of extreme value analysis, using two simple criteria. The first one is based on static calculation and the second is derived from a VIV analysis.
INTRODUCTION
Marine structures in the ocean are exposed to forces including hydrostatic pressure, wind, wave and current effect. These environmental loads vary in both time and space. For deep water structures, like mooring lines and risers, current forces are important. Hence, a study of spatial statistics of current velocity and derivation of different time scales corresponding to various physical processes can be of interest in the design of risers.
The large amount of data provided by ADCPs represents an opportunity to test different analysis techniques. However, this amount of data cannot be directly used as input in riser design approaches.
When one is involved in the design of structures like risers, the main problem is how to include the variability of current flow in riser design techniques ?
Several questions related to the above general problem can be identified. Among them, the two following require a particular attention in this study. The first one is how can we reduce the information contained in the data to a few parameters ? In other words, is it possible to conserve the most important characteristics on such observations using a description space with a lower dimension ? From a statistical point of view, we want to construct a "statistical" model for data. Whereas, from a physical point of view, we are concerned with the identification of the different physical processes or time scales, including general circulation, inertial, tidal and the residue components.
The second question related to the use of current profiles data for the design of risers, is how can we use the statistical modelling provided to answer the first question in probabilistic approaches ? Such question aims at validating approximations obtained by the statistical modelling using simplified approaches. This validation procedure is carried out by mean of extreme value analysis using two simple criteria. The first one is based on static calculus and the second is derived from a VIV analysis.
In order to provide a response to the first question, several solutions have been proposed in the literature. The first approach proposed, referred to the traditional method, consists in treating each depth level independently. Unfortunately, it was shown that this method doesn't provide appropriate results in deep water (see Jeans et al (2002) ) and it doesn't take into account the vertical coherence of current profiles. In order to take into account the vertical coherence of current profiles, several authors, for example Forristall and Cooper (1997) EOF, also called Principal Component Analysis (PCA), is a technique for simplifying data sets, by reducing multidimensional data sets to lower dimensions for analysis. More precisely, EOF is a linear transformation that transforms the data to new coordinate system such that the greatest variance by any projection of the data comes to lie on the first coordinate (called the first EOF), the second greatest variance on the second coordinate, by projecting the residue, and so on. Then, we expect that, most of the variance in the data set can be explained by only few EOFs.
As we can see, the EOF method is of interest only if the number of modes obtained is as small as possible. When this condition is not satisfied, other approaches for reducing data must be found. One approach consists in first identify the different time scales and second use the EOF method on each time scales. Indeed, currents are superposition of different physical processes which, studied independently, can provide simplified models. Moreover, advantage of having the different time scales can be a way of supplementing measured data sets by those from numerical models or a way to improve numerical models. Neves and Soares (2004) used this approach in case of the tidal current components. The whole current field was filtered keeping only the frequency bands corresponding to the main semidiurnal and long period tidal bands. The Fast Fourier Transform (FFT) method was adopted to estimate the current time series power spectra. This analysis was carried out using measured data from west of the Shetland Islands. However, in many available database there are a large number of missing values. In that case, the use of the FFT method can be inappropriate. Methods such as Wavelet transform (WT), smoothing splines or recently the Empirical Modal Decomposition (EMD) method proposed by Huang et al (1998) can be applied in this contexte. The avantage of the last two methods is that they work well with missing data and permit to follow fluctuations inside a time scale without considerations of frequency band filtering. Moreover, they are also independent of the time series. However, one of the problem with the EMD method is that the number of modes is fixed by the method. As a consequence, in this study the processing of the time series for the decomposition of the total current time series in the different time scales will be obtained by the use of cubic smoothing splines method for which the number of time scales can be fixed.
Other approaches for reducing data, which consist in first grouping the profiles into bins on the basis of current magnitude and direction, and second, choosing a single averaged or a more severe profile to represent each of the bins, have been developed. As a criteria for constructing bins, Lambrakos et al (2005) proposed first to perform a simplified and computationally efficient VIV analysis of the full set of profiles and then sorted the profiles into bins by the dominant excitation mode. This criteria requires knowledge of the riser system, including its configuration.
Even though this method is simple to use, it is computationally time consuming. So, in this study, the EOF method is adopted to analyse current profiles data. This paper presents results from analysis carried out with data collected at the site of Girassol in West Africa.
BACKGROUND EOF method
The essence of the EOF/PCA is briefly summarized as follows : let V (t, z) denote the value of a variable V at a time instant t and depth z, the EOF will reduce it to
in which, φj.φ k = δ jk , that is the φ k 's form an orthogonal basis. Thus the element of this basis are the EOFs. Two methods exist for deriving the EOFs of time series. The first constructs a covariance matrix, R, from measurements and the EOFs are obtained by solving the eigenvalue problem
In the above equation, the eigenvalues λ k are the variances in the various modes, and the sum of eigenvalues gives the total variance of the data. Hence, λ k / N j=1 λj represents the contribution of each EOFs.
The second approach uses Singular Value Decomposition (SVD) of the measurements or data matrix [V (z, t)]. Hence, we have
where S is a diagonal matrix whose elements are singular values and X and Y are unitary matrices . Each of the singular values represents the contribution of each EOF (corresponding to the columns of the matrix Y ) to the original data.
Observe that the covariance matrix is defined by
It is straightforward to see that the columns of Y are the φ k s and the singular values on the diagonal of S are the square roots of the λ k s.
Recall that, the principal relevance of EOF method appears when the singular values or eigenvalues of the modes rapidly decrease , the variance being concentrated in a small number of modes. In this case the matrix of original data can be reconstructed using only few modes. The error of this approximation can be quantified by
represents an approximation of the original data V (t, z) and n N
Smoothing spline
The non-parametric estimation by smoothing spline has been widely repeated in the literature. Wahba (1990) and Green and Silverman (1994) for example, provide a detailed presentation of the subject.
In its principle, smoothing spline minimizes
where v(k∆t) and s(k∆t) are, for a fixed level z, the original and smoothed sampled time series respectively. The function s(t) is a cubic smoothing spline, with nodes corresponding to each sampling times k∆t. In this study, the smoothing parameter p is chosen in function of the desired time scale of smoothing. Let now present how the smoothing processing work. We want to find a unique function s1(t) which minimizes the Eq. 6. This function is the one which best match the original time series v(t). Hence, we have : v(t) = s1(t) + Rv(t), where Rv(t) is obtained after subtracting the original time series and the smoothed function s1(t).
The main idea is that Rv(t) is treated as the new data and subjected to the same procedure as described above. Then we obtain Rv(t) = s2(t) + R 2 v(t). This procedure can be repeated on all functions R N v(t) and the result is In practice, the convergence criteria of the algorithm, for the determination of s k s is given by the parameter p which is determined empirically. In this study, the smoothing procedure is applied in three steps, that is with three values of the parameter p (N = 3 in Eq. 7).
DATA ANALYSIS Current profile measurements
Data used in this study have been collected by METEOMER for TOTAL at the site of Girassol located outside the coast of Angola. Measurements of current speed and direction at different depths locations have been obtained using two ADCPs attached to a vertical mooring line. The first one, a 300 kHz ADCP, with a vertical resolution of 2 meters, covered the 60 first meters and average velocity profile was recorded every 10 minutes. The second one, a 75 kHz ADCP, with a vertical resolution of 12 meters, covered the water column from 70 meters depth to approximately 700 meters depth and average velocity profile was recorded every 30 minutes.
The total measurements period is from 22 May 2002 to 10 July 2004, offering thus more than three years of current profile data. The measurement campaign is divided in six phases. Between each of these phases the depth of immersion of the ADCPs has been changed, changing in same time the range and the levels of depth. The characteristics of the instrumental set-up are given in Tab. 1. The above instrumental description is based on the final report by Fugro GEOS.
Recall that the current profiles, were recorded according to the traditional convention of ocean current measurements that the x-axis is directed toward the East, the y-axis towards the North and z-axis is directed vertically upwards.
Through this study, in contrast to other studies dedicated to this problem, the information of direction is taken into account. In this case, zonal and meridional components are defined as
where V is the velocity intensity or current speed and θ its direction.
Postprocessing
During the instrumental set-up, the two ADCPs failed to record data during some time instances. A missing value on data files indicates that the ADCPs were not able to give a value. In consequence, all current profiles without speed or direction values at a depth level were removed from the reference database.
The data recorded with the 300 kHz ADCP have been merged with data from 75 kHz ADCP. Since data of the last two phases (phases 5 and 6) were recorded with the 300 kHz ADCP, only phases from 1 to 4 were used in this study. Observing Tab. 1, we can see that each phase doesn't correspond to the same depth of immersion of the instrumentation and as we have seen previously, the averaging period was 10 minutes for the 300 kHz ADCP and 30 minutes for the 75 kHz ADCP. Hence, in order to have a common range in time and space for each phase we need to interpolate data. Data from the the 300 kHz ADCP were resampled with a time increment of 10 minutes and space increment of 2 meters form 6 to 40 meters (18 levels). Whereas those from the 75 kHz ADCP have been interpolated from 88 to 652 meters with a constant step of 12 meters (48 levels).
The maximum current speed in the reconstructed data file is found to be close to 0. This first visual analysis of the current profiles shows the complexity of current along the depth. However, we can observe that current speed generally decreases with depth and current direction is highly variable near the surface.
EOF analysis on current data
The EOF method described above has been applied to the measured current velocity data. Before applying the EOF technique data was first transformed into two components : a NorthSouth (N-S) component and an East-West (E-W) component. The results are shown in Tab. 2. One can observe how EOF method can reduce the volume of data, since about 93% of the variance can be explained by the first four modes with a residue equal to 17%.
The first three EOFs are plotted in Figs. 2, 3 and 4. The first EOF is stronger in the upper layer than in the lower layer and it is very close to an unidirectional profile. Whereas, the second and the third EOFs are sheared profiles with a rotating profile in the upper layer. The observations above confirm what we have observed graphically (see Fig. 1) , that is the current flow in the upper layer is different from the flow of the lower layer. So, when we analyse separately the two layers, see Tab. 2, we observe that three EOFs are necessary in order to take into account more than 94% of the total variance in the upper layer, whereas four EOFs are needed in the lower layer. These results show that the decomposition using each layer doesn't simplify the complexity of the current profiles. 
Current time scales
As mentioned earlier, another part of the difficulty in the modelling of current profiles comes from the superposition of various physical processes of circulation, which occur at different time scales.
The few results hereafter show some characteristics of the time scales of the entire column water. They have been obtained with level 88 meters under the surface.
The observation of the covariance functions for zonal and meridional components, Fig 5 top, shows clearly different time scales. A very low process, with a period approximately equal to 90 days, corresponding to the general circulation. A second with a periodicity of approximately 3.5 days, represent the inertial currents and a last one, Fig 5, bottom , with a period of 0.5 day (semi-duirnal tide). Inertial and tide periodicity can be verified by the theory. In case of the inertial currents the period is given by formula 12/sin(latitude), which gives here 3.7 days. Observe also that the inertial component correlation vanishes with time lags, which is not the case with the tidal component as it is a periodical phenomena.
By plotting the spectral density, Fig 7, we can Fig. 8 . The first is the global circulation, the second inertial component, the third tidal component and the last the residue. The spectral density of the residue given for high frequency bands in Fig. 9 , shows that it is close to white noise.
The use of the EOF method on each time scales have shown that the number of EOF modes retained is approximately the same when using the original data. So the complexity of the current profiles is not simplify when decomposing in time scales. 
PROBABILISTIC METHODS FOR CURRENT PROFILES
The aim of this section is to evaluate the accuracy of the EOF modelling. To do this two simplified approaches or criteria are considered. The first one is based on static calculus of the top tension (horizontal component) and the second is derived from a modal analysis used in a simplified VIV analysis. The comparison criterion is carried out from extreme distributions calculated for all measured current profiles and compared with results from EOF profiles.
More Precisely, we want to calculate the distribution function defined by
where G, defined by the two above criteria, is determined from each measured current profiles in the original data set and each current profiles from EOF approximation based upon four EOFs modes.
Practically, from each current profiles in the original data, [V (t, z)], The function G is calculated. Once the function G is calculated, the inverse cumulative distribution function or the cumulative distribution function is empirically determined. The same procedure is applied to each current profiles from the reconstructed matrix [V (t, z)] obtained using four EOFs.
This analysis requires the construction of a riser model. The studied case is a flexible riser tensioned at the top, whose the main characteristics are listed in Tab. ]. For a given current profile, referring to an appropriate VIV amplitude versus Vr curve, we compute the amplitude obtained at each level and for each eigenmode ψi of the corresponding eigenfrequency fi. This taken as a measure of the contribution of each level to the excitation of eigenmode ψi. The contributions from all current levels to each eigenmode ψi are summed up. The riser is supposed to respond on the eigenmode for which the sum of the contributions from all current levels, regardless of direction, is maximum. The VIV criteria is an estimate of the fatigue rate based on previously computed excitation level, multiplied by a factor related to the modal deflection maximum curvature. Further developments are to be achieved later to ensure this approach is consistent with widely accepted methods such as DeepVIV TM or Shear7
TM . The results are shown in Figs. 10 and 11. In these figures the estimated cumulative distribution function (CDF), based upon measured current profiles and four EOFs are plotted on a Gumbel plot. Since we are interested in extreme values, only values with high probability are considered.
Concerning the first criteria, one can observe (see Fig. 10 ) that current profiles based upon 4 EOFs, for a probability of 0.9, overestimate the top tension in order of 17%. Whereas, for the second criteria (see Fig. 11 ) EOF approximation underestimates the VIV criteria in order of 5%.
When observing the above results it is surprising that with the first criteria four EOFs overestimate the top tension whereas using the second criteria four EOFs cause underestimation of the amplitude of the excited modes. At this stage, there no reason that can explain this fact. So in order to ensure conservatism further developments may be achieved.
In case of the VIV criteria a study of Meling et al (2002) has shown that by increasing the number of EOF modes one can passes from a non-conservative state to a conservative state. 
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CONCLUSION
This paper deals with statistical modelling of current profiles for risers design. This work is based on current profiles measurements from the site of Girassol in West Africa. Various aspects to derive reliable statistical modelling of current profiles have been considered. First, using the whole data (speed and direction), the EOF approach has been used to reduce current profiles. It has been shown that only four EOFs, representing 93% of the total variance, are necessary to represent the original current profiles. Considering separately the upper and the lower layer, the first four modes contributed more than 97% of the total variance in the upper layer of the water column. In the lower layer, they represent approximately 94% of the total variance. Secondly, the identification of time series of different time scales by mean of cubic splines has been presented. Even though this method is difficult in parametrization, it is of great interest in data with missing values. The use of EOF method with each time scale do not improve the results, that is the number of EOFs considered is approximately the same when we use the original data.
Different probabilistic approaches for riser design can be combined with EOF analysis. In this study, the EOF modelling has been validated through extreme distributions using two simplified criteria. The first is based on static calculus and the second is derived from a VIV analysis. We found with the last criteria that the error made is in order of 5% whereas, with the first criteria the error is about 17%.
Recall that this work is a part of a global project which consists in using results from EOF analysis of current profiles in reliability approaches such as, FORM (First Order Reliability Method), SORM (Second Order Reliability Method) and Monte Carlo simulations. These last methods involve first the determination of the climatology of current profile (marginales or joint distributions of coefficients) which is difficult to determine when the number of coefficients is higher. So the use of the EOF method allow us, instead of working in a dimension space equal to the number of depth level (that is 66), to work on a dimension space equal to the number of considered EOFs (that is 4), showing in the same time the efficiency gained by using EOF method.
